The results of thermodynamic modeling of the process of element reducing from a chrome-containing ore-lime melt by silicon ferronickel depending on temperature are presented in this article. The consumption of reducing agent is equal to 105% of the required stoichiometric amount of reducing agent for complete reduction of iron and chromium in the temperature range of 1300-2200 and metallic Fe-Si-Ni-Cr systems are calculated using the module «Equilibrium Compositions». A gas phase pressure is 1 atm. The gas phase of the system contains 2,24 m 3 N 2 . It is established that the increase in the process temperature from 1300 to 2200 ∘ С contributes to reducing of the degree of chromium reduction from 98,9 to 69,8%. The degree of reduction of aluminum and magnesium increases from 0,2 to 8,7% and from 0,007 to 2,5% respectively, and the degree of reduction of iron doesn't change over the entire temperature range and is equal to 100%. The chromium content in the metallic phase decreases with increasing temperature from 51,7 to 41% and the residual CrO content in the slag increases. 
Introduction
The development of new technologies or modernization of existing technological processes in metallurgy is based on the results of experiments and thermodynamic model- NIOKR-2018 ing (TM). The knowledge of the thermodynamic character of process behavior is necessary to obtain primary data on new processes. The known methods of thermodynamic calculations [1] [2] [3] make it possible to quickly and efficiently solve a number of actual and promising problems. We have reviewed the current domestic [4, 5] and foreign [6] [7] [8] [9] articles about TM reduction processes for producing chromium-containing alloys. In the articles [10] [11] [12] the method of complex processing of domestic oxidized nickel ores was proposed. The product of this method is the silicon ferronickel. There is no information about the interfacial distribution of chromium during silicothermic reduction using silicon ferronickel in the literature.
KnE Materials Science
The purpose of this work is to study the possibility of the silicon using of the silicon ferronickel as a reducing agent for elements of a chrome ore-lime melt. And also the effect of temperature on the interfacial distribution of chromium by thermodynamic modeling was estimate.
Materials and Methods
To carry out the TM of the process of recovery of elements, the following chemical com- is the amount of reducing agent which is stoichiometric necessary for the complete reduction of chromium and iron) and the pressure of the gas phase was 1 atm. The gas phase of the system contained 2,24 m 3 N 2 (gas) as a neutral additive to speed up a calculation [14] . The data of bivalent chromium oxide (CrO) was introduced into the HSC Chemistry 6.12 PC database.
Research Results
The results of the TM of the recovery process of elements depending on temperature (t)
(where a consumption of reducing agent is 1,05m
.
) are presented in the form of the following graphical dependencies:
1. the change of a degree of recovery of elements (η) (Fig. 1); 2. the change of the equilibrium composition of the metal (Fig. 2); 3. the change of the equilibrium composition of the slag (Fig. 3) .
The calculation of the reduction degree of elements as a function of temperature ( Fig.   1 ) showed that the increasing of the process temperature helps to reduce the degree of chromium reduction by 29,4% (from 98,9 to 69,8%). This dependence can be explained how a result of the reaction of chromium reduction by silicon. This reaction is exothermic and proceeds with the release of heat [16] . The obtained dependences of the chromium reduction degree on temperature have good agreement with the results presented in [17] . It should be noted that the highest rate of reduction of chromium is observed in the high-temperature region (1700-2200 ∘ С). The degree of iron reduction doesn't change over the entire temperature range and is equal to 100%, while aluminum and magnesium reduction degree increases from 0,2 to 8,7% and from 0,007 to 2,5%, respectively. . Figures 2 and 3 show the interfacial distribution of elements in the metal and slag at the range of temperatures of 1300-2200 ∘ C. The distribution depends on the content of the initial charge materials, the degree of recovery of the elements and the vaporization of elements. An increase of the process temperature contributes to the decrease of the chromium content in the metal from 51,7 to 41% at the given thermodynamic parameters (Fig. 2) . The significant decrease of the chromium content in the metal is observed at the temperature of more than 1700 ∘ C and reaching the temperature of 2200 ∘ C the concentration of chromium decreases by 18,7%. At the same time, the CrO concentration in the slag is proved at a temperature above 1487 ∘ C in [15] . It increases from temperature of 1700 ∘ C, and reaches 7,5% at 2200 ∘ C (Fig. 3) .
The iron content in the metal increases in direct proportion to the increase in temperature from 43,4 to 48,7%, which is proved by the decrease of the degree of the extraction of chromium to the metal phase. With increasing temperature, silicon in metal rises from 1,4 to 4,6% and the content of the element is less than 1,97% (Fig. 2) at 1700 ∘ C, which corresponds to the required value according to GOST 4757-91 for low carbon ferrochrome. The SiO 2 content of the slag decreases with temperature by 12,5%. The decrease is associated with the vaporization of silicon (SiO) into the gas phase and dilution of the oxide phase due to an increase of the chromium oxide content (Fig. 3) . The nickel concentration in the metal slightly increases from 3,3 to 3,7% in the temperature range under consideration, which is caused by a decrease of the degree of chromium transition to the metal phase. The content of magnesium and aluminum in the metal is insignificant and amounts up to 0,04% and 0,21% at temperatures of 1700 ∘ C, respectively (Fig. 2) , it happens with a decrease in the concentration of their oxides (MgO and Al 2 O 3 )
in the slag in the temperature range under consideration (Fig. 3) . The amount of CaO in the slag decreases by 3,8% with increasing temperature from 1300 to 2200 ∘ C.
The slag phase composition is represented not only by simple oxides but also by double and ternary compounds: silicates and aluminates of calcium and magnesium. The content of CaO, SiO 2 , MgO, CrO and Al 2 O 3 increases with the increasing temperature.
Thus, the TM method has been used to estimate the effect of temperature on the interfacial distribution of chromium during silicothermic reduction of elements from a chromium-containing ore-lime melt by the silicon of the silicon ferronickel. The obtained results can be used for laboratory experiments and technological calculations for obtaining chromium and nickel-containing complex ferroalloys that are suitable for the smelting of stainless steel grades. 2. It has been established that the raising of process temperature from 1300-2200 ∘ C contributes to reducing of the chromium reduction rate from 98,9 to 69,8%. The degree of reduction of aluminum and magnesium increases from 0,2 to 8,7% and from 0,007 to 2,5%, respectively. The degree of reduction of iron doesn't change over the entire temperature range and is equal to 100%.
3. The chromium content in the metal phase decreases from 51,7 to 41% with the increasing of temperature from 1300 to 2200 ∘ C, and the residual CrO content in the slag increases.
4. The results of thermodynamic modeling can be used for laboratory experiments and technological calculations for producing chromium and nickel-containing complex ferroalloys suitable for smelting stainless steel grades.
